SUMMARY This paper analyzes the economic and investment implications of a series of climate mitigation scenarios, characterized by different levels of ambition in terms of long term stabilization goals and the transition to attain them. In particular, the implications of fairly ambitious scenarios are investigated for the first time by means of the model WITCH. Although milder climate objectives can be achieved at moderate costs, our results show that stringent stabilization paths, compatible with the target of the European Union and the G8, might have important economic repercussions. The timing of mitigation action influences the cost of meeting a target as well the stringency of the targets we can aspire to. To contain costs it is crucial to rely on a wide mitigation portfolio. Strong reductions in energy consumption through enhanced energy efficiency and life style changes are needed to achieve stringent climate policies. The analysis carried out in the present paper contains several idealistic assumptions that could be violated in the real world where some technologies may not be fully available, technology transfers and diffusion are imperfect, some world regions may not accept to reduce their GHG emissions, trading might be limited to some sectors or to a fraction of the total abatement effort, etc. This would increase the challenge of climate protection and the costs of reducing GHG emissions.
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Introduction
Although no clear consensus on a road map to reach the target has been reached yet, temperature stabilization at no more than 2° C above pre-industrial levels by the end of this century still represents the objective of most nations represented at the UNFCCC, and it has been recognized as a fundamental signpost in the Copenhagen Accord. To make it likely that this challenge will be met, greenhouse gas concentrations have to be limited to at least 450 ppm CO2 equivalent (with a 50 % likelihood) or below. 
Scenario Design
The scenarios designed for this modeling exercise have been chosen to test a range of assertions. These scenarios are described in detail in Table 1 and Figure 1 but they can broadly be placed into three main categories:
Scenarios 1-4: These achieve a 2° C stabilization target with a probability close to 50% (except scenario 4) and assess the sensitivity of global mitigation costs to early action.
Scenarios 5-7: These achieve a stabilization target of more than 2° C and propose to show that even when aiming for a higher stabilization target, early action is still worthwhile:
Scenarios 7-9: These are a range of scenarios that peak in 2020 with different post peak reduction rates, and aim to assess the impact of more aggressive post peak reduction rates on the global mitigation costs. We decided not to look into the effect of banking as a way of smoothing emission reductions given the long term nature of the proposed policies. In addition, the chief scope of the present analysis is to look at the effects of alternative pathways thoroughly. We examined the effect of banking on policy costs in two previous studies (Bosetti, Carraro and Massetti (2008) and Bosetti et al 2009a) and found that full "when flexibility" results in a reduction of policy costs of 10-15%. The magnitude of the effect depends on the scenario (and whether there is a combined effect with REDD or not). 
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Presentation and discussion of main results
This section presents the main results of the analysis, by comparing 9 scenarios across two main variables of interests, namely the implications for the economy and those for energy investments.
Macro-economic implications
We begin by reporting the global economic implications of the various climate mitigation scenarios, focusing on the costs of meeting the different emission trajectories. Gross policy costs will be presented, without taking the benefits from avoided climate change into account. Keeping the temperature increase at the end of the century between 2.5 and 3° Our modeling estimates suggest that attaining stringent stabilization objectives would imply relatively high costs, but that moderate objectives can be accomplished at a far smaller charge. For this transition to a low carbon society to take place, several policy instruments are likely to be needed, and one in particular One striking feature of this chart is that all stabilization targets eventually require a somewhat similar reallocation of the supply to cleaner forms of energy; however, for serious climate protection, it is the demand that will need to play the biggest role. The demand cuts will be achieved by enhanced energy efficiency, and this indeed is a key mitigation option, especially in the early periods.
Inevitably, however, lower consumption will be required, and this will happen only through changes in lifestyle.
In previous studies, (Bosetti et (Bosetti et al, 2009c) . Figure 6 also suggests that for less stringent targets, R&D investments will need to ramp up more gradually, but will nonetheless be eventually needed to ensure the decoupling of GHG emissions from economic growth. 
Policy implications
The analysis of our modeling results has highlighted a series of issues related to global climate mitigation, which have important policy repercussions.
We have shown that a large portfolio of mitigation options will be needed in all mitigation scenarios. This will include renewables and CCS as key technologies.
Nuclear could also play an important role (though it entails specific risks that can only be partially accounted for in the model).
Deployment of these options will require a strong carbon price signal, but specific policy instruments could also be envisaged, though they might increase the costs of technology.
Also, innovation has been shown to be fundamental, with a four-fold increase in requirements respect to current investment levels. In this respect, innovation could also be supported by specific policies aimed at internalizing innovation market failures such as international knowledge spillover.
Last but not least, radical energy consumption lowering is needed to achieve the 2° C objective. This will only be partially met through improved efficiency and policies aimed at changing habits and lifestyle should be envisaged as additional instruments.
Establishing the institutions that can handle large REDD projects as early as 2015 would also be important for the transition to a low carbon world.
Our modeling results have highlighted that Table 3 . 
Future Avenues for Research
Given the conclusions and caveats described in the previous section, the first step towards Historically, per capita GDP and population have been the major determinants of emission growth, whereas improvements in carbon intensity have had the opposite effect of reducing emissions.
The long-term scenario is still characterized by the preponderant role of economic growth, whereas the role of population fades over time. Economic growth, measured in terms of per capita GDP, is the major driver of GHG emissions over the whole century whereas population growth contributes to the increase in GHG emissions up to 2075, when population starts to follow a slightly negative trend. A decrease in energy intensity has a positive effect on emission reduction, which, however, is not large enough to compensate for the pressure of economic and population growth. The carbon content of energy remains rather constant over time, with a slight carbonization of energy due to an increase in coal consumption in fast-growing countries like China and India. Figure A2 . Energy-related CO2 emissions in the baseline for models participating in the EMF22 exercise (Clarke, L.E., J.A.Edmonds, V.Krey, R.G.Richels, S.Rose, and M.Tavoni (2009) The baseline emissions from land use of CO2 and non-CO2 greenhouse gases are exogenous inputs to the model, and have been taken from the literature.
